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Production of vaccinia virus with adherent or non adherent avian cell lines 



5 The present invention relates to a method for producing live or attenuated vaccinia 
viruses, native or modified, with avian cell lines, in particular avian stem cells, 
comprising infecting said cells with virus particles 

Historically, vaccinia virus is known to have been used successfully to immunize 
10 against smallpox allowing its eradication in 1980 according to the WHO. Since then, 
vaccination has been discontinued. 

Today, resurgence of this virus is considered as a potential threat that could be 
devastating for the unprotected population. The problem is that only 15 million doses 
15 of smallpox vaccine are available in the USA and the FDA has issued guidelines and 
contracts to produce large amounts of vaccine unit dose against smallpox. Further 
information are accessible at : 

ht^://www.btcdc.gov/Agent/Smallpox/StnaUpoxConsensus.p<^^ 

20 However, speeding-up production requires new production methods and suitable cell 
lines. In this invention, we describe new cell lines (adherent or non adherent) from 
avian species that could be used as substrate for vaccine production by 
pharmaceutical companies. These new cells are derived firom avian embryos and 
could supersede eggs that are used at present. 

25 

Traditionally, vaccines induce immunity to diseases by using a weakened or 
inactivated version of the infectious agent Today attenuated pox viruses properties 
like the absence of replication in human cells and the good induction of immune 
response allow the development of new vaccine strategies using for example MVA 

30 as vector. In fact, by classical techniques of molecular biology, it is possible to obtain 
recombinant MVA containing foreign DNA coding for specific peptides or proteins 
of Ihers^eutic interest . These recombinant viruses after injection, in vivo, are able to 
stimulate the immune system against specific antigens like tumoral antigens. At 
present, these new generations of vaccine vectors are developed or could be 

35 developed to fight against human or animal infectious diseases and against a wide 
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variety of tumor types (melanoma, prostate cancer, breast canc^, lung cancer, ovary 
cancer, liver cancer. . • 

Drexler L et al, J Gen Virol. 1998 Feb;79 ( Pt 2):347-52 have observed that highly 
5 attenuated modified vaccinia virus Ankara (MV A) replicates in baby hamster kidney 
cells, a potential host for virus propagation, but not in various human transformed 
and primary cells* Therefore, the host range of MVA is restricted and this highly 
attenuated poxvirus strain do not a:eate productive infections (Moss B, Dev Biol 
Stand 1994:55-63)* Iii addition, production yields must be commensurate with 
1 0 economical viability of smallpox vaccine mass production. 

For example, Blanchard TJ. et al, J Gen ViroL 1998 May;79 ( Pt 5): 1159-67 have 
reported that modified vaccinia virus Ankara undergoes limited replication in human 
cells and lacks several immunomodulatory proteins. 

15 

Therefore, the purpose of the invention is to provide cell lines for replicating the 
vaccinia virus which would obviate the above mentioned problems and which wo\ild 
meet with regulatory agency requirements. 

20 In this regards, we investigated the use of avian cells for replicating viruses. 
However, to maintain avian stem cells in vitro for long periods of time, it is 
necessary to observe specific cxilture and maintenance conditions as described in 
Pain et al., 1996; US 6,114,168 and EP 787 180 and these culture conditions are cost 
demanding. 

25 

In addition, because unlimited cell proliferation is required for the process of vaccine 
mass production, we choose to examine the avian stem cell ability for replicating 
viruses. But, the problem is to be able to maintain avian stem cells in culture in an 
economical medium while avoiding stumbling blocks such as cellular differentiation 
3 0 and senescence. 

In the context of the invention, it has been found that the withdrawal of growth 
factors, serum and/or feeder layer leads to the isolation of populations of stem cells, 
in particidar of somatic stem cells, which can grow indefinitely in basic culture 
35 media. 
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Also, apart from the hematopoietic stem cells which are for the most part 
nonadherent cells, the cells obtained according to the prior art techniques exhibit an 
adherent phenotype. Now, the industrial use of cells, as viral replication support, 
favors nonadherent cells. This phenotype is advantageom both because of ease of 
5 handling which avoids the use of a proteolytic enzyme for dissociation and for the 
high densities reached by nonadherent cells cultured in vitro. 

The present invention describes the production of lines which can become 
spontaneously nonadh^nt or for which the nonadherence is obtained by a 
10 withdrawal of the feeder layer. Because of their growth in suspension, these lines are 
perfectty suitable for industrial use for the production of vaccines in bioreactors. 

In addition to their properties of growxg on a basic culture medium, it has been 
discovered that these cell lines allow the replication of certain viruses in yields 
15 equivalent to or even higher than the yields obtained with current methods, which 
makes these cells particularly useful for the mass production of vaccines. 

Here, we report that the established new avian stem cell lines detailed in our co- 
pending application PCT/FR 03/00735, are particularly suitable for replicating 
20 orthopoxvirus such as the vaccinia virus. 

Description 

Thus, in a fibrst aspect, the present invention relates to a method for replicating 
25 vaccinia virus such as native or recombinant vaccinia vhrus comprising the steps of 
inoculating said avian stem cells with viral particles and culturing said ceUs in a 
basal medium until ceUs lysis occurs and newly produced viral particles are released 
in said medium. Inoculation is performed with an m.o.i (multiplicity of infection) of 
0.01 to 0.5. This method is useful for producing a vaccine against poxviridae in 
3 0 particular against smallpox. 

Said avian stem cell lines are obtainable by a process consisting of: 
a) culturing avian cells in a medium containing all the factors allowing their 
growth and an inactivated feeder layer, 
.35 b) passage by modifying the culture medium so as to obtain progressive or total 

withdrawal of said factors, of the serum and/or of the .feeder layer. 



c) establishing adherent or non adherent cell lines equable of proliferating in a 
basal medium in the absence of exogenous growth fectors, serum and/or inactivated 
feeder layer. 

Ibis process leads to. the estabUshment of new lines which are maintained in culture 
in vitro over a considerable period of time. Advantageously, the cells derived from 
die lines obtained in step c) are capable of proliferating for at least 50 days. 100 days. 
150 days. 300 days or preferably at least 600 days. The 600 days do not constitute a 
time limit because tiie cell lines obtained are still alive after mudi longer time 
periods. Hence, tiiese lines are considered as being able to grow indefinitely in a 
basic cultiire medium free of exogenous growth fectots, serum and/or inactivated 
feeder layer. The expression "line" is understood to mean any population of cells 
capable of proliferating mdefinitely in culture in vitro vMLe retaining to a greater or 
lesser degree the same morphological and phenotypic chatacterisfics. 

The cells derived from the lines according to the invention may be avian stem cells, 
in particular avian somatic stem cells. 

Of course, the metiiod mentioned above makes it possible to obtain cellular clones 
derived from cells obtained from estabUshed lines. These clones are cells which are 
genetically identical to the cell from which they are derived by division. 

hi a particular embodiment, the invention relates to a mefliod as defined above, in 
which tiie estabUshed lines are adherent stem cells vdiich prolifaate in the absence of 
inactivated feeder layer. 

In tins regard, in the metiiod described above, step b) consists in a wiflidrawal of tiie 
components of the medium (growfli fectors alone or serum alone or growth fectors 
and then serum or alternatively senim and then gcowfli fectors). 

In another embodiment, tiie invention relates to a mefliod as defined above in which 
tiie established lines are non adherent stem cells which proliferate in suspension in a 
medium free of exogenous growth fectors. 
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In this regsrd, in the method described above, step b) consists in a progressive or 
total withdrawal of the feeder layer and then optionally in a withdrawal of the other 
components of the medinm (growth fectors and serum). 

5 In another embodiment, the mvention relates to a method as described above in 
which the estabUshed lines are non adherent stem cells which proliferate in 
suspension in a medium ftee of serum (serum-ftee medium). 

In another embodiment. Hie invention relates to a mefliod as defined above, in which 
10 the estabUshed lines are non adherent stem cells which proliferate in suspension in a 
I medium ftee of exogenous growth fiictors and serum. 

In another alternative, step b) consists in a progressive or total withdrawal of the 
growth fectors, optionaUy followed by a progressive withdrawal of the serum. 
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In another alternative, step b) consists in a progressive or total withdrawal of the 
growth fectors and/or serum, optionaUy foUowed by a withdrawal of the feeder layer. 

' In addition, the estabUshed Unes may be ceUs which proUferate in a serum-depleted 
20 medium, in particular in a medium ftee of serum. Hxe expression senmi-d^leted is 
understood to mean a gradual reduction of the concentration of scrum spread out 
over tune. This method allows a selection of clones which ad^ to these new, 
increasingly drastic conditions until stable Unes are obtained which are c^le of 
growing in a serum-depleted medium or in a medium completely fi»e of serum. 

The method described above may additionally comprise a step in which the ceUs 
obtained m step c) are subjected to a selection or an adaptation in culture media used 
for large-scale production so as to obtain clones suitable for tiie production of 
vaccines intended for human or animal therapy. 
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Tbe ceUs according to the invention have at least one of the foUowing characteristics: 
a high nucleocytoplasmic ratio, 
35 an endogoious alkaUne phosphatase activity. 



an endogenous telomeiase activity, 

a reactivity with specific antibodies selected fix>m the group of antibodies 
SSEA-1 (TECOIX SSEA-3, andEMA-1. 

Preferably, the cells of the invention have all the above mentioned characteristics. 

These cell lines and the cells derived therefrom are capable of proliferating for at 
least 50 days, 100 days, 150 days, 300 days, or preferably at least 600 days in a basal 
medium, in particular in a medium such as DMEM, GMEM, HamF12 or McCoy 
supplemented with various additives conamonly used by persons skilled in the art. 
Among the additives, there may be mentioned nonessential amino acids, vitamms 
and sodium pyruvate. 

These cell lines and the cells derived thereof are avian stem cells, m particular avian 
somatic stem cells or avian embryonic stem cells. 

Advantageously, tiie cells derived from established lines are modified in order to 
produce an attenuated virus which is a modified vaccinia virus and/or recombinant 
vaccinia. Said cells may be modified by any technique accessible to persons skilled 
in the art, in particular by non homologous or homologous, directed and/or 
conditional recombination (Cre-Lox or FLP-FRT system), by transformation with 
any vector, plasmid, viruses or recombinant viruses in particular with the aid of 
retroviruses or recombinant retroviruses. 

hi one particular embodiment, the invention is directed to amethod to produce live 
or attenuated vaccine such as a vaccine against smallpox comprising culturing the 
adherent or non adherent cell lines established in step c) according to the process 
described above, inoculating said cells with viral particles and culturing said cells m 
a basal medium as mentioned above until cell lysis occurs and newly produced viral 
particles are released in said medium. The invention has shown to be particularly 
usefiil for the production of attenuated virus belonging to the family of 
orthopoxvirus, in particular vaccinia virus, modified vaccinia virus such as Modified 
Vaccinia virus Ankara (MVA) which can be obtained from ATCC (ATCC Number 
VR-1508), and recombinant vaccinia virus. For example, one can use recombinant 
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MVA to express antigen against diseases and infections, such as cancer and 
smallpox. 

Preferably, the mvention is aimed at the use of the non-adherent cells as defined 
5 above to produce live or attenuated vaccine comprising culturing the adherent or non 
adherent cell Imes estabUshed in step c) according to the process described above, 
moculadng said cells with viral particles and culturing said cells in a basal medium 
as mentioned above until cell lysis occurs and newly produced viral particles are 
released in said medium. The invention has shown to be particularly useful for the 
10 production of attenuated virus belon^g to the femily of orfliopoxvirus, in particular 
vaccinia virus, modified vaccinia varus such as Modified Vacdnia virus Ankara 
(MVA) and reconibinant vaccinia virus. 

For the remauider of Has description, reference will be made to tiie legend to the 
15 figures below. 

Legend 

Figures 1-3: Growth curves for the cell lines of the invention (with withdraw^ of 
serum (fig. 2) and with withdrawal of feeder layer (fig. 3). 

20 

Figures 4: Photograph showing the characteristic morphology of avian stem 
cells 

N: nucleus, n: nucleolus and C: cytoplasm 

25 

(isolate S86N99, X40 magnification, photograph taken witibi a Sony Cyber-shot 
digital camera) 

Figures 5: Photograph showing the alkaline phosphatase activity of avian stem 
3 0 cell lines which are adherent or which are in suspension 

After fixmg (0.1% formaldehyde/0.5% glutaraldehyde, 30 minutes at 4*»C), the cells 
are rinsed twice in IX PBS and incubated for between 10 and 30 nunutes at 37*0 m 
an NBT/BCIP (Nitro Blue Tetrazolium chloride 0375 mg/ml, 5-bromo-4-chloro-3- 
35 mdolyl phosphate 0.188 mg^ml, O.IM Tris pH 9.5, 0.05M MgCla, O.IM Nacl) 
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solution. The reaction is stopped by two IX PBS washes and the photogr^hs are 
taken. 

A- aiustrates the characteristic violet coloration of the endogenous alkaline 
phosphatase activity obtained with the adherent Une S86N45 p87, a luie cultured 
with no feeder or fector (X40 magnification, Sony Cyber-shot digital camera). 

B- illustrates the violet coloration characteristic of the endogenous alkaline 
phosphatase activity obtained with the EB14 line maintained from 8 passages in 
suspension, line derived from the S86N45 cells, cultured in suspension willi no 
feeder or fector (X20 magnification, Sony Cyber-shot digital camera). 

Example 1; Production and establishment of the adherent cells 

The eggs are opened, the yolk is sqwrated from the egg white during the opening. 
The embryos are removed from the yolk either direcfly or with the aid of a Pasteur 
pipette, or witii the aid of a small absorbent filter paper (Whatmann 3M paper), cut 
out beforehand in tiie form of a perforated ring with the aid of a punch. The diameter 
of the perforation is about 5 mm. These small rings are sterilized using dry heat for 
about 30 minutes in an oven. This small p^r ring is deposited on the surface of the 
yolk and centered on the embryo which is tiius surrounded by the paper ring. The 
latter is then cut out with the aid of small pairs of scissors and the whole removed is 
placed in a Petri dish, filled witii PBS or with a physiological saline. The embryo 
tiius carried away by tiie ring is cleaned of the excess yolk in tiie medium and the 
embryonic disk, thus fi«ed of the excess vitellin, is coUected with a Pasteur pipette. 

In both cases, the embryos are placed in a tube contaming physiological medium (IX 
PBS, Tris Glucose, medhun, and the like). The embryos are then mechanically 
dissociated and inoculated on a "feeder** mto defined culture medium. Among the 
preferred conditions used for the culturing, preference is given to the culture medium 
composed of MacCoy medium as basal medium supplemented with fetal calf serum 
at an initial concentration of 12 to 8%, with nonessential amino acids at 1%, with a 
mixture of vitamins of commercial origin at 1%, with sodium pyruvate at a final 
concentration of 1 mM, with beta-mercaptoethanol at a final concentration of 
0.2 mM, glutamine at a final concentration of 2.9 mM, with an initial mixture of 
antibiotics containing gentamycin at a final concentration of 10 ngtol, praiicillin at a 



jBnal concentration of lOOU/ml and streptomycin at a final concentration of 
100 ng^ml. Rapidly after the first passages of the cells, the mixture of antibiotics is 
no longer added to the medium. The expression rapidly is understood to mean after 
the first 3 to 5 passages in general. A mixture of nucleosides may also be added, this 
5 mixture being prepared as described above (Pain et al., 1996). Among Ihe basal 
media tested under these same conditions and which give similar results are the 
HamF12, Glasgow MEM and DMEM media, the latter supplemented with biotin at a 
final concentration of 8 mg/1. By way of comparison, the biotin concentration is 
0.2mg/l in the MacCoy medium, 0.0073 mgA in the HamF12 and 0 m the 
1 0 commercial DMEM and GMEM media. 

The growth fectors and fbs cytokmes added to the culture medium are preferably 
fectors and cytokines which are recombinant, including mouse SCF at a final 
concentration of 1 ng/ml, IGF-1 at a final concentration of 1 to 5 ng/ml. CNTF at a 
15 final concentration of 1 ng/ml, IL-6 at a final concentration of 1 ng/ml, and the 
soluble IL-6 receptor at a final concentration of 0.5 ng/ml to 1 ng/ml. In some 
experiments, some other factors may be added during the first passages. For example 
up to passage 3 or 10, it is possible to add bFGF to the medium at a final 
concentration of 1 ng/ml and IL-1 1 at a final concentration of 1 ng/ml. 

20 

The moculation is carried out into tiiis medium on.the inactivated "feeder" composed 
of mouse fibroblasts established as Imes, the STO cells. In some cases, these cells 
were transfected with sunple expression vectors aUowing the expression of growth 
fectors such as avian SCF, constitutivcly in the STO cells. Thus, tiiis "feeder** 
25 produces the fector in a form which is soluble and/or attached fa tiie plasma 
membrane of tiie cells. 

After initial hioculation of the cells dhrectiy into this medium, ftesh medium can be 
added or the medium can be partially changed the next day, and then partially or 

30 conipletely during subsequent days, depending on the rate of adhesion observed for 
tiie prunary cells. After about 4 to 7 days depending on the cases, tiie initial culture is 
dissociated and transfenred into new dishes m the same mitial medium on the 
mactivated feeder. After three to five passages, the cells are cultured on an 
mactivated feeder of STO cells which are nontransfected or transfected with an 

35 expression vector encoding a resistance to an antibiotic such as the gene for 
resistance to neomycm, to hygromycin, to puromycm and the like. After about 
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twenty passages, the cells are progressively deprived of growth fectors and 
cytokines. The e3q)ression gradual vdthdrawal is undastood to mean a removal 
fector by fector ftom tiie culture medium. Thus, at one passage, SCF is first of all 
removed, and then, two or three passages later, IGF-1. If the cells do not exhibit 
morphological alterations or a variation in their average rate of proliferation, the 
oilier fectors, such as CNTF and 11^6, are then removed. This withdrawal may also 
be drastic. All the factors are in this case removed all at once. The cells are then 
observed and are only passaged several days later if their rate of proliferation is 
modified. The latter solution is generally that which is practiced. 

Various isolates are thus obtained and maintained for very long periods of time. The 
expression very long periods of time is understood to mean p^ods of the order of 
several weeks with a minimum of 50 days, preferably periods greater tiian 200 to 400 
days, wiflxout limitation in time. Periods greater than 600 days are observed. 

Regardless of tiie support used, all the cells which are adherent are dissociated with a 
proteolytic dissociation enzyme, such as pronase, collagenase, dispase, trypsin, and 
the like. Preferably, a proteolytic enzyme of bacterial ori^ is used in order to avoid 
any potential contaminant of animal origin. These cells have the characteristics of 
embryonic stem cells witii a specific morphology illustrated, by way of example, by 
the photograph of figure 4 i.e. a small size, a large nucleocytoplasmic ratio, a 
nucleus with at least one nucleolus which is clearly visible and a very small 
cytoplasm. These cells are characterized by growth in the form of more or less 
compact solid masses. The adherent and nonadherent cells exhibit cross-reactivity 
with a number of antibodies, as described above in Pain et al., 1996 and in patents 
US 6,114,168 and BP 787 180. The ^dogeoous telcmorase activity compon^ is 
also present and is an important fector in tiie "stem** nature of these cells. 

Cells of differraat isolates are obtained md maintained for long periods of time. 



Table 1 illustrates a few of the characteristics of these isolates 



Name 


Species 


Start 


"Stqpp^e" 


Days 


Pass^e 


Gener- 
ation 
















S86N16 


a)idkmS86N 


26-01-2000 


05-08-2001 


559 


207 


692 
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Chicken WL 


28-06-2000 


09-08-2001 


403 


153 


333 


Valo4 


CaiidkesaValo 


26-09-2000 ■ 


07-02-2002 


401 


135 


317 


S86N4S 




29-01-2001 


12-11-2001 


287 


118 


329 



It wiU be noted that the term "stoppage" does not correspond to the end of the 
proliferation of the ceUs but to a deUberate stoppage of the ceU cultures by the 
experimenter. The number of generation n is obtained by the formula X = 2" or X is 
the theoretical cumulative number of cells. This number is available since the cells 
are counted at each passage and during each inoculation. The complete history of the 
culture is thus available. 



TT.-ram ple 2: Passage o f the cells 

One of the characteristics of stem cells, in particular somatic stem cells and 
embryonic stem cells, is their capacity to proliferate in vitro for considerable periods 
of time. In order to propagate and to passage the cells, the culture medium is changed 
and replaced witii fresh medium a few hours before their passage. The curve 
presented in figure 1 illustrates a profile of cell growtti and estabUshment. 

n-vamnlft 3'. Pombling t ime and averaffc division time 

Starting with die established cells in culture and the cells presented in the preceding 
examples, a mean division time can be calculated. For all the mdependent isolates 
obtained, the rate of proliferation increases slightiy during succesave passages, tiius 
cansmg the average diviaon time during the establishment of the cells to vary . In the 
adhere phase, the cells are uritially inoculated on an mactivated feeder layer and are 
passaged regulariy at a constant initial inoculation density of 1 to 2 x 10* cells per 
100 mm dish. Tiible 2 illustrates die doubling time (d) and the mean division time 
(MDT m hour) for 3 established ceU types as a ftmction of die culture time. It is 
observed that die mean doubling time decreases duruig the establishment. 
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Table 2: 



Cells/da^ 


50 


100 


150 


200 


250 


300 


350 


400 


450 


500 


550 


























S86N16(d) 


0.30 


0.63 


1.00 


0.86 


1.13 


1.15 


1.47 


1.70 


1.94 


1.50 


1.9 


S86N16 
(MDT) 


80 


38 


24 


27.9 


21.2 


20.9 


163 


14.1 


12.4 


16 


12.6 


S86N4S(<I) 


0.49 


0.89 


0.89 


1.45 


2.15 


X 


X 


X 


X 


X 


X 


S86N45 
(MDT) 


49 


26.8 


27 


16.5 


11.1 


X 


X 


X 


X 


X 


X 


Valo4(d) 


0.03 


0.61 


1.00 


1.17 


1.26 


1.03* 


1.08* 


1.25* 


X 


X 


X 


Valo4a^4DT) 


>48 


393 


24 


20.5 


19 


23.3 


22.2 


19.2 


X 


X 


X 



The mean doubling time d is established for the period of time indicated in days with 
the foUowing formula: d = (l/Log2 x (LogX2/Xl))x 1/(T2-T1) where X2 and XI are 
total numbers of cells at the times T2 and Tl. This formula is the direct consequence 
of flie calculation of the number of generations N by the formiila X = 2" presented in 
example 1. The mean division time (MDT)is then obtained in hours by dividing 24 
hours by d. 

♦ The Valo cells are passaged during tiiis establishment on a plastic support without 
the presence of a feeder. The doubling time decreases and then increases a^in, when 
the cells become idiabituated to this new environment 

ir.iramnle 4; Control of the level of «ftram for the prolifer ation of the lines 

During the obtaining of these lines, the culture media used are conventional culture 
media comprising a base (DMEM, GMEM, HamF12, McCoy, and the like) 
supplemented witii various additives such as nonessential amino acids, vitamins, and 
sodium pyruvate. This complex medium comprises fetal calf serum, v^ch retnains a 
central component of the culture, even though components of different origins, 
including plant components, can be gradually used. A process for controlling and 
habituating the cdls to relatively low proportions of fetal calf serum is presented. It 
is thus possible to niifli"fai« cells in high proliferation (division time >1) with low 
percentages of serum (2% for example in the case of ihe S86N16 cells). 
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The curves presented in figure 2 iUustrates the relative reduction of serum for a 
given ceU type: S86N16 ceUs, The doubling time and the mean division times v^rere 
also calculated and presented in table 3. It will be noted that the mean division time 
increases as a function of the relative reduction in serum. A recovery phase is 

■ nevertheless observed after some tune in culture under the conditions mentioned, 
■nds tune remains nevertheless less than 24 h (d>l). which akeady represents a very 
advantageous proliferation in industrial terms even at serum concentrations of 2%, 
which is already relatively low. Improvements with regprd to the different 
metaboUtes to be used may be envisaged m order to increase this time and still 
further optimize the culture conditions. 



Tables*. 



Condition 


10% 


7.5% 


3.75% 


2% 


d 


2.02 


1.51 


1.47 


1.08 


MDT 


11.9 


15.8 


16.3 


22.2 
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The examples are taken between passages p204 and pl79 for the 10% condition, 
between pl98 and pl76 for the 7.5%, between p224 and p201 for the 3.75% and 
between p216 and pl99 for the 2%. 

20 ir.-r«iimlc 5; T>ei»rivatiom «f the cells of feeder layer 

Under the initial culture conditions, the presence of a layer of inactivated cells 
jqqpears to be necessary in order to obtain embryonic stem cells as was described 
above. This feeder l^er no longer appears to be necessary after a number of 

25 passages. Only tiie "culture treated" plastic ^ars to be important. Indeed, one of 
Ihe characteristics of some eukaryotic cells is to proliferate in adherent form. In ord^ 
to fecilitate tiie adhesion of flie cells, the various plastic materials used are "culture" 
treated. They undergo during their manufacture a treatment which adds charges at tiie 
surface of tiie plastic, which charges promote tiie adhesions of tiie extracellular 

3 0 matrix of tiie cells. By contrast, tiie cell culture untreated plastic, often caUed plastic 
of bacteriological quality, is not surface treated by addition of specific feeders. The 
adhesion of tiie cells tiiereto is generally very difficult, or even impossible, or tiieai 
induces changes in morphology, and in behavior which are often drastic. This 



I 
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distinction between the two plastic qualities makes it possible to obtain, depending 
on the inoculations which axe carried out therein, cells with different behaviors. 
Gradual deprivation of the cultures of inactivated "feeder" makes it possible to 
obtain, after a few passages, homogeneous cultures of stem cells directiy inoculated 
5 on "culture treated" plastic. 

The comparative growth ctirves for the cells maintained in the presence and in the 
absence of inactivated "feeder" are presented with the case of the S86N16 cells in 
figure 3. This adaptation of the cells is progressive so as not to lose the stem cell 

10 character of the cells initially maintained on a "feeder". Progressive derivatives are 
thus made. The obtaining of cells which proliferate on plastic is the accomplishment 
of the. withdrawal process. In table 4, the division times show sensitivity of the cells 
to their environment. As in the case of the progressive withdrawal of serum, an 
adaptation is obtained with a recovering effect on the cells after a few passages under 

15 the conditions defined. 
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Table 4: 



Condition 


1.2 


0.5 


0.3 


plastic 


d 


1.95 


1.84 


1.39 


1.42 


MDT 


123 


13 


17.3 


16.9 



The examples are taken between the passages pl54 and pl31 for the 3 conditions 
5 1.2 X 10^ 0.5 X 10* and 0.3 x 10* feeder cells and between pl61 and pl39 for the 
condition on plastic alone. 



Example 6: Deprivation of the cells in growth factors 

1 0 Under the initial culture conditions, the presence of growth fectors is necessary. It is 
possible to schematically distinguish two femiUes of factors; tiie cytokmes and the 
trophic fiictoxs. 

The cytokines are mainly cytokines whose action is through a receptor which is 
15 associated with tiie gpl30 protein. Thus, LBF, mterleukin 1 1, interleukin 6, CNTF, 
oncostatin and cardiotrophm have a sunilar mode of action witii the recruitment at 
the level of the receptor of a specific chain and the combination of tiie latter with the 
gpl30 protein in monomeric or sometimes heterodimeiic form. Lot a few cases, the 
combination of a soluble form of the receptors, a form described mter alia for tiie 
20 receptors for interleukin 6 and OSriP, makes it possfl>le to increase the prolifera^ 
efiFect observed. It has been previously shown that tiis addition of at least one of 
these cytokines ^Jpeared to be necessary for obtaining embryonic stem cells. 

The trophic fectors are mainly SCF, IGF-1 and bFGF, which are also used at tiie start 
25 of the culture, as described above. Their presence is also necessary for obtaining and 
amplifyhig the cells. 

By progressively reducing these growth factors, it is possible to obtain, after a few 
passages, cidture conditions which allow the proUferation of the embryonic or 
30 somatic stem cells without the addition of an exogenous growth fector. The different 
markers used to characterize these cells are always positive for tiie cells maintained 
with no factors. 
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ijlvampla 7i Comparis on of the media used 

Inoculated into different media, the cells are not obtained with the same firequencies. 
Comparison of the compositions of the media makes the identification of one of the 
coniponents in particular difficult. It appears more likely tiiat the whole combinadon 
allows an unprovement in the physiology of the cells. Among the preferred media, 
the HamF12 medium, the MacCoy medium, the DMEM medium and a DMEM 
medium enriched with biotin will be noted. Starting with such an isolate, ad^tation 
trials are carried out in these different media. 

TT-vam ple 8: Establishment of the n onadherent cells 

During the successive passages of the stem cells, a high-d^ty moculation directly 
into the bactmological dish makes it possible to obtam, after a few passages, 
embryonic cells which become detached fiom their substrate and which proliferate in 
suapenaon in the form of small regular aggregates. This proliferation is encouraged 
over several passages by more dilution, mechanical dissociation and nonuse of 
proteolytic enzyme. The stirring of the cultures is generally carried out but does not 
represent a distinguishing factor for obtainmg non adherent cells. Like the adherent 
cells, these cells have a characteristic morphology of stem cells, i.e. a small size, a 
large nucleocytoplasmic ratio, a nucleus with at least one nucleolus which is clearly 
visible and a very small cytoplasm. These cells are characterized by a growth in 
small aggregates which are more or less compact These non adherent cells exhibit 
cross-reactivity with a number of antibodies, as destadbed above in Pain et al., 1996. 
These cells are also positive for the endogenous telomerase activity (as presented in 
example 10 for die EBl, EB4 and EB5 cells). In a non adherent phase, the cells 
exhibit a high proliferation in different media. The initial nioculation density and the 
very regular supply of ftedi medium provides high densities which may range above 
1 X 10* cells per ml. Table 5 summarizes the main charactMistics of a few isolates 
(parental ceUs, initial passage of the makmg into a suspension, number of days 
maintained in culture m suspension, number of passages and of generations obtained 
befOTC voluntary stoppage of the maintenances). It can thus be noted that the passage 
for the making into a suspension can vary from one isolate to another (see isolate 
EBl and EB14) and tiie proliferation rate (see isolate EB3 and EB14). 



Table 5: 
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Name 


Parental cells 


Initial 


Start 


Days 


Pass£@es 


G^iaalions 


EBl 


S86N16 


pill 


20-01-2001 


184 


41 


120 


EB3 


S86N16 


pll8 


23-01-2001 


381 


17 


40 


EB4 


S86N45 


plOO 


25-09-2001 


44 


17 


40 


EB5 


S86N45 


plOO 


25-09-2001 


44 


17 


40 


EB14 


S86N45 


p81 


05-09-2002 


70 


24 


65 



It will be noted that the term "startf corresponds to Ae cells being placed under 
nonadherence. 

5 We also found that the obtention of non adherent ceUs is possible after several 
passages, at any moment, ftom adherent stem cells that proliferate with or without 
feeder layer. 



ir.xainnlc 9: Characterization o f the established cells 

10 

The stem cells maintained for long culture times are characterized with the same 
criteria as those described above (Pain et al., 1996). It is thus possible to regularly 
detect the endogenous alkalme phosphatase activity, illustrated by the photograph of 
figure 5, the endogenous telomerase activity and reactivity with specific antibodies 
15 such as the antibodies SSEA-1 (TEC-01) and EMA-1. 

One of the unportant criteria during the establishment of the cells is the presence of 
telomerase. Various tests were carried out during the maintenance of the cells in 
culture using a TRAP detection kit (Telomerase PCR Elisa, Roche). The cells are 

20 detected positive after various passages in ciilture. Thus, the telomerase activity is 
detectable for the S86N16 cells, the S86N45 cells and for the EBl, EB4 and EB5 
cells which are derived therefix)m in a non adherent form (see table 6). The CEFs 
(Caricken Embryonic Fibroblasts) maintained in primary culture are considered as 
negative. The threshold of an OD < 0.2 is the threshold recommended by the kit as 

25 the negative threshold. All the analyses were carried out on an equivalent of 2000 
cells. 

Table 6: Assay of the telomerase activity in various lines at various passages 
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Cells 


Pass^e 


Telomeiase OD 






1.7 




p29 


2.8 




pi 85 


0.97 




p204 


0.95 


S86N16EB1 


pl34 


1.1 


S86N45 


p50 


0.87 




p58 


1.1 




p66 


0.96 




p94 


1.2 


S86N45 EB4 


pll2 


1.4 


S86N45 EB5 


pi 12 


0.94 


CEF* 


P4 


0.07 









* CEF: Chicken Embryonis Fibroblast 

Example 10; Transfecdon and indactioB of the cells 

The stem cells maintained in a growth over the long term are transfected with various 
expression plasmids« It has been shown that avian stem cells could be transfected 
(Pain et al,, 1996). In particidaij flie non adherent cells are transfected and various 
sortmg systems make it possible to identify the stably transfected cells (cell sorting, 
limiting dilution, and the like). These genetic modifications can be made at the 
undifferentiated stage of the stem cell. Once this modification has been obtained, the 
cell is then induced to differentiate sqpontaneously or by addition of a differentiation 
inducer. In this case, it is possible to use retinoic acid at concentrations of 10"^ M to 
1 0"^ M, or dimethyl sulfoxide at concetitrations of 1 to 2% final or sodium bulyrate at 
concentrations of 10"* to 10"* M, or phorbol ester (TPA, PMA, and the like) or 
lipopolysaccharides (J.PS) at concentrations of 1 to Sfig/ml final. In another 
example, the cells can form embryoid bodies in suspension, which embiyoid bodies 
can be caused to adhere to plastic after dissociation or nondissociation of the cells 
constituting them. These differentiated cells then proliferate but have a more limited 
cg5)acity for proliferation over the long term. By targeting the genetic modification 
on a gene which mfluences the proliferation of the cells, it is possible to make these 
differentiated cells enable of proliferating over the long term. 
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iTvam ple lit Protocol for infectiMg a non adh erent avian cell line (EBD with a 
virus 

5 Amplification of the cells: 

The EBl or EB14 cells are inoculated into a mediTjm, preferably MacCoy's 5A, 
HAMF12 or DMEM medium, or any other medium of interest, containing 5% serum 
at a concentration of 0^2 x lO'^ cells/inl for an initial volume of 50 ml in general. 
They are maintained in culture at SP'C and at 7.5% CO2, with stirring. Fresh medium 

0 is added every day for the 3 to 4 days for which the amplification lasts m order to 
reach a cell concentration of 1 10 3 x 10* cells/ml for a final culture volume of 100 to 
250 ml. 

The cells in suspension are collected and centrifiiged for lOmin at 1 000 rpm 
^proximately. The pellet is resuspended in 20 to 50 ml of IX PBS (Phosphate buffer 
l5 Salt). The cells are then counted, centrifiiged and Hie pelleted cells are taken up in a 
serum-ftee medium at a final concentration of 3 to 5 x 10* cells/ml. Several tubes are 
then prepared under these conditions containing 3 to 5 x 10* cells per tube. 

Preparation of the virus and infection: 
20 The viral stock having a known titer is mpidly thawed at 3TC and diluted in serum- 
ficee medium at a titer of 10 x to 1 000 x the concentration necessary for the final 
infection. The cells are infected with &e virus of interest at an m.o.i. (multiplicity of 
infection) of 0.01 to 0.5 according to the types of virus, whidi mvolves addmg 
between 0.1 and 10% vohnne/volume of viral suspenaon to the cellular pellet. After 

2 5 incubating for 1 hour at an optimum temperature for the vurus, in general firom 33 to 

37«»C, the cells are again centrifuged and the medium removed with care. This step is 
found to be often necessary in order to limit the effect of the initial virus in the 
subsequent process. One of the possibiUties is to directly dilute the cells without 
centrifixging them again with serum-containing medium (5% of serum) at a final 
30 concentration of 0J2 to 1 x 10* cells/ml and mcubated again. 

Harvesting of the stg>ernatant and of the cells: 

After 2 to 4 days of incubation, depending on the viral kinetics and the potential 
cytopathic effect of certain viruses, the medium containing the cells or the celtulax 

3 5 debris is harvested. Depending on the viruses, only the pellet or tiie siq>ematant may 

be of mterest and contain Ihe viral particles. The cells are harvested and centrifiiged. 
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The collected supernatant is centrifuged again for 5 to 10 minutes at 2 500 rpm, and 
stored at before purijBcation of the particles. An aliquot is collected in order to 
carry out the titration. The cellular peUet is taken up in 5 ml of serum-free medium, 
sonicated and centrifuged for 5 to 10 minutes at 2 500 rpm. The supernatant obtained 
is stored at -80^C up to the purijBcation and the titration of an aliquot. 

The viral infection and production efficiencies are compared between the various 
conditions performed. 

For the viruses with cytopathic effects, the titrations are in general carried o\it by the 
lysis plaque technique. 

Example 14; Protocol for infecting an adherent avian cell line (S86N4y> with a 
virus 

Preparation of the cells: 

The cells are inoculated 48 hours before the infection into T150 flasks at a 
concentration of between 0.03 and 0.06 x 10^ cells/cm^ in a medium, preferably 
MacCoy's 5A, HAMF12 or DMEM medium, or any other medium of interest, 
containing 5% serum. They are maintained at 39''C and 7.5% COa- 

Infection: 

The vkal stock having a known titer is rapidly thawed at 37*^0 and diluted in serum- 
free medium at a titer of 10 x to 1 000 x the concentration necessary for the final 
infection. The cells are infected with the virus of interest at an muo.i. (multiplicity of 
infection) of 0.01 to 0.5 according to the types of vurus, which involves adding 
between 0.1 and 10% volmne/volume of viral suspension to the cellular pellet. The 
infection is g^erally carried out in a minimum of medium (from 5 to 10 ml for a 
75 cm^ flask) in a medium contaming 0% serum. 

After incubating for 1 hour at the optimum temperature for the virus, in general from 
33 to 37X, 20 ml of medium 5% are added to the flasks. In a particular case, the 
cells can be washed with PBS in order to remove the particles which might be 
attached to the cells* In the case of a cytopathic virus, the cells are observed daily 
after the infection in order to monitor the appearance of the cell lysis plaque, which 
indicates good progress of the infection. 
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Harvesting of the supernatant and of the cells: 

After 2 to 4 days of incubation, depending on the viral kinetics and the potential 
cytopathic effect of certain viruses, the medium containing the supernatant, the cells 
and the cellular debris are harvested. Depending on the viruses, only the pellet or the 
supernatant may be of interest and contain the viral particles. The cells are harvested 
and centrifiiged. The collected supernatant is centrifiiged again for 5 to 10 minutes at 
2 500rpm, and stored at -SO^C before purification of the particles. An aliquot is 
collected in order to carry out the titration. The cellular pellet is taken iq? in 5 ml of 
senim-firee medium, sonicated and centrifuged for 5 to 10 minutes at 2 500 ipm. The 
siqiematant obtained is stored at -SCC up to the purification and the titration of an 
aliquot 

The viral infection and production effidendes are compared between the various 
conditions performed. 

For the viruses with cytopathic effect, the titrations are in general carried out by the 
ly as plaque technique. 

F.xample 15: Replication of Modified Vacci nia virus Ankara fMVA^ on 
adherent and nonadherent avian stem c ells of the S8<iN4S line and EB14 line. 

The MVA virus (titer 2,5 x 107 TCID50/ml in 6.5 ml vials) was received under 
frozen conditions. 

For safety reasons, the MVA virus and infected cells were kept under controlled 
conditions (-80*0 fteezer) and the contaminated plastic material was placed into 
hypochloride solution for more than 1 hour and then place into a bag for fiill and 
complete autoclave inactivation. 

Experiments and results 

The S86N45 and EB14 cells were thawed in a HamF12 based complete medium. 
The adherent S86N45 cells were amplified quite rapidly, with a good growtii rate and 
a nice morphology.. 

The cells were infected 1 hour in 2 ml of PBS with the different m.04. of interest 
with no washmg with PBS after the infection. The medium was just added to the 
complete infectious medium, i.e. the added virus was not removed. 
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After 3 days of infection, tihie ceil lysis appears to be proportional to the used m.o.L 
This cytopathic effect is a good indicator of the virus infection of the cells. So cells 
and supernatant are harvested and stored at - SO'^C before purification of particles 
and/or titration. 

The non adherent EB14 cells were amplified. The cells were infected, not washed, 
and the complete medium directiy added on the inocculimi after 1 hour of contact 
with viral particles. After 3 days, a characteristic cell lysis was observed. The non 
infected cells used as the control were counted and a good growth was demonstrated, 
showing good culture conditions and therefore confirming an efficient lysis by the 
virus m the infected culture. Cells and supernatant are harvested and stored at - 80X 
before purification of particles and/or titration (see table 7). 



Table 7 : Results of the titration 



Cell 
Type 


M.O.I. 


Trial 


Virus / pellet of 
10E6 ceils 


bas^^^ ^ri 
.^tgibil vbllAnyi 


Virus 
yield/ 
cell 


xyTrus,.yj^if^: 
; 7ic^Ji4 


S86N45 


0 


1 


0 




0 




0 


2 


0 




0 


0,1 


1 


1-3 X 10^7 




5-15 


. 5^^15-^v4 


0,1 


2 


1-3 X 10^6 




1-5 


0,01 


1 


1-3 X lO'^V 




15-30 


_ *! » ■ -k'.- : 


0,01 


2 


4-6 X 10^7 




> 30 














EB14 


0 


1 


0 




0 


••■ ■ V j/'^:. ''\ 
: :vAO: -r V i/n: 


0,1 


1 


1-3 X 10^7 




15-30 


/ i5r3p;;:. 


0,1 


2 


1-3 X 10'^7 


^^3:k : 


15-30 


0,05 


1 


6 X 10'^7 




^ 50 


. • , ■•.■,-'</".>*,* 


0,05 


2 


1-3 X 10'^7 




15-30 


0,01 


1 


1-3 X 10^7 


.a-^a. X lO'^B: ; 


15-30 


15-3.Q;-;: 


0,01 


2 


1-3 X 10-^7 


i-3 X 10^6 ■ 


15-30 
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CLAIMS 

1. A method for r^licating orthopoxviruses and recombinants derivatives such as 
native or recombinant vaccinia virus comprising the steps of inoculating avian stem 
cells with viral particles and culturing said cells in a basal mediirai imtil cells lysis 
occurs and newly produced viral particles are released in said medium. 

2. A method according to claim 1, wherein inoculation is performed with an m.oa. 
(multiplicity of mfection) of 0.01 to 0.5. 

3. A method according to one of claims 1 to 2, wherein said vaccinia virus is the 
modified vaccinia virus such as Modified Vaccinia virus Ankara (MVA) or a 
recombinant vaccinia virus. 

4. A method according to one of claims 1 to 3 for producing a vaccine against 
smallpox. 

5. A method according to one of claims 1 to 4, wherein said avian stem cell lines are 
obtainable by a process consisting of: 

a) culturing avian cells in a medium containing all the factors allowing their 
growth and an inactivated feeder lay^^ 

b) passage by modifying the culture medium so as to obtain progressive or total 
withdrawal of said &ctors, of the serum and/or of the feeder layer, 

c) establishing adherent or non adherent cell lines ceqpable of proliferating in a 
basal medium in the absence of exogenous growth Victors, serum and/or inactivated 
feeder layer. 

6. A method according to claim 5, wherein said avian stem cells obtained in step c) 
are capable of proliferating for at least 600 days. 

1. A method according to one of claims 5 to 6, wherein said avian stem cells are 
avian embryonic stem cells or avian somatic stem cells. 

8. A method according to one of claims 5 to 7, wherein step b) consists in a 
withdmwal of the components of the medium (growth fectors alone or serum alone 
or growth &ctors and then serum or alternatively serum and then growth &ctors). 
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9. A method accoiding to one of claims 5 to 7, wherein step b) consists in a 
progressive or total withdrawal of the feeder layer and then optionally m a 
wiflidrawal of the other components of the medium (growth factors and serum). 

10. A method according to one of claims 5 to 9, wherein said avian ceU lines are 
nonadherent stem ceUs which proliferate in suspension in a medium free of 
exogenous growth Actors. 

11. A method according to one of claims 5 to 9, v/beiem said avian cell lines are 
nonadherent stem cells which proliferate m suspension in a medium free of serum 
(serum-free medium). 

12. A mefliod according to one of claims 1 to 9, whaem said avian cell lines are 
nonadherent stem cells which proliferate in suspension in a medium free of 
exogenous growth factors and serum. 

13. A method according to one of claims 1 to 13, wherein said avian cell Imes have 
at least one of the following characteristics: 

a high nucleocytoplasmic ratio, 

an endogaious alkaline phosphatase activity, 

an endogenous telomerase activity, 

- a leactivilywift specific antibodies selected from the group of antibodies 
SSEA-1 (TECOl), SSEA-3, and EMA-1. 

14. A method accordmg to one of clauns 1 to 13, wherein said avian cell Imes are 
cultivated m basal medium, m particular m a medium such as DMEM, GMEM, 
HamF12 or McCoy supplemented with additives such as nonessential amino acids, 
'^dtamins and sodium pyruvate. 

15. A method to produce live or attenuated vaccme such as a vaccine against 
smallpox comprising culturmg the adherent or non adherent cell lines estabUshed in 
step c) according to the process defined m one of clahns 5 to 14, inoculating said 
cells with viral particles and culturmg said cells in a basal medium as mentioned 
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above until cell lysis occurs and newly produced viral particles are released in said 
medimn. 

16. The use of the non-adherent cells as defined in one of claims 10 to 12 to produce 
live or attenuated vaccine belonging to the family of orthopoxvirus, in particular 
vaccinia virus, modified vaccinia virus such as Modified Vaccinia virus Ankara 
QNdVA) and recc»mbinant vaccinia virus. 

17. The use according to claim 16 for producing a vaccine against smallpox. 

18. The use according to claim 16 for producing a vaccine against cancer. 
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ABSTRACT 



The present invention relates to a method for repUcatmg orthopoxvirus such as 
vacdnia virus compriang the steps of inoculating avian stem cells with viral 
particles and culturing said cells m a basal medium until cells lysis occurs and newly 
inoduced viral particles are released in said medium. 
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